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@  A  method  for  producing  a  tube  for  a  cracking  plant. 

Method  for  making  a  tube  for  a  cracking  plant,  by 
providing  an  inner  tube  (1),  placing  a  reinforcement  (3,  4) 
about  said  inner  tube,  said  reinforcement  having  transverse 
openings  or  passages,  placing  an  outer  tube  (2)  coaxially 
about  said  inner  tube  and  said  reinforcement,  bonding 
together  by  pressure  or  fusion  welding,  said  inner  tube  and 
said  outer  tube  through  said  openings  or  passages  in  said 
reinforcement. 



The  i n v e n t i o n   r e l a t e s   to  a  method  f o r   p r o d u c i n g   a  tube   f o r   a  

c r a c k i n g   p l a n t .  

When  p r e p a r i n g   e t h y l e n e   s t a r t i n g   from  n a p h t a   p y r o l y s i s   at  a  

ve ry   h igh   t e m p e r a t u r e   i s   the  so l e   p r o c e s s   ye t   e n a b l i n g   to  c o p e  
wi th   the  i n c r e a s i n g   demand  f o r   e t h y l e n e   in  a  normal   w a y .  

This   p r o c e s s   is   p e r f o r m e d   in  t u b u l a r   f u r n a c e s ,   so  c a l l e d  

c r a c k i n g   f u r n a c e s ,   in  which  a  f eed   of  s a t u r a t e d   h y d r o c a r b o n s ,  

n a p h t a   in  case   of  e t h y l e n e ,   b l e n d e d   wi th   s team  is   l ed   t h r o u g h  

h o r i z o n t a l l y   or  v e r t i c a l l y   mounted   t ubes   which  are  e x t e r n a l l y  

h e a t e d   to  a  ve ry   h igh   t e m p e r a t u r e   by  means  of  gas  b u r n e r s   or  o i l  

b u r n e r s .   The  e n d o t h e r m i c   c r a c k i n g   r e a c t i o n   o c c u r s   m a i n l y   in  t h e  

r a d i a t i o n   zone  w i t h i n   the  t u b e s   at  which  the  h i g h e s t   t e m p e r a t u r e  

p r e v a i l s ,   t h a t   i s   in  the  c o u r s e   of  a  r e t e n t i o n   t ime  of  some  s e c o n d s  

to  some  t e n t h s   of  a  second   d e p e n d a n t   on  the  i n s t a l l a t i o n   e m p l o y e d .  

The  h y d r o c a r b o n - s t e a m   m i x t u r e   i s   h e a t e d   t h e r e b y   at  a  p r e s s u r e   o f  

abou t   200  kPa  and  to  a  t e m p e r a t u r e   of  about   900°C.  S u b s e q u e n t l y  

the  g a s e o u s   c r a c k i n g   e f f l u e n t   i s   f o r c i b l y   q u e n c h e d .  

The  r e c e n t  k n o w n   p r o c e s s e s   a l r e a d y   r e a c h   a  h i g h   d e g r e e   o f  

p e r f e c t i o n   so  t h a t   any  i n c r e a s e   of  the  y i e l d   of  e t h y l e n e   is   y e t  

s o l e l y   p o s s i b l e   by  i n c r e a s i n g   the  c r a c k i n g   t e m p e r a t u r e   a n d  

r e d u c i n g   the  r e t e n t i o n   t i m e .  

I t   has  become  p o s s i b l e   to  r e a c h   the  above  m e n t i o n e d   t e m p e r a t u r e  

of  900°C  by  u s i n g   h i g h l y   a l l o y e d   n i c k e l ,   f o r   i n s t a n c e   25-20  C r N i .  

The  maximum  tube  wal l   t e m p e r a t u r e   t h e r e o f   amounts   to  abou t   1050°C 

at  a  t e m p e r a t u r e   in  the  c o m b u s t i o n   chamber  of  about   1 2 0 0 0 C .  

Up  t i l l   now  however   h i g h e r   t e m p e r a t u r e s   of  the  c r a c k i n g   g a s  

are  not   f e a s i b l e   b e c a u s e   the  n i c k e l   a l l o y s   c a n n o t   w i t h s t a n d   a n y -  

more  the  p r e s s i o n   of  the  c r a c k i n g   gas  in  the  i n t e r i o r   of  the  t u b e  

at  ye t   h i g h e r   t e m p e r a t u r e s .  

The  i n v e s t i g a t e d   use  of  c e r a m i c   m a t e r i a l   fo r   the  t u b e s   did  n o t  

l e a d   to  the  d e s i r e d   r e s u l t   m a i n l y   b e c a u s e   the  c e r amic   t u b e s   a r e  

a l so   i n s u f f i c i e n t l y   c a p a b l e   of  w i t h s t a n d i n g   h igh   p r e s s u r e .  
The  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  now  to  p r o v i d e   a  m e t h o d  

fo r   p r o d u c i n g   a  tube  fo r   a  c r a c k i n g   p l a n t   which  may  be  o p e r a t e d  

at  much  h i g h e r   tube  wal l   t e m p e r a t u r e s   and  h i g h e r   p r e s s u r e s   t h a n  



t h o s e   p o s s i b l e   at  p r e s e n t .   When  u s i n g   t h i s   k ind   of  t u b e s   the  y i e l d  

of  e t h y l e n e   may  be  i n c r e a s e d   c o n s i d e r a b l y .   I t   goes  w i t h o u t   s a y i n g ,  

t h a t   the   t u b e s   p r o d u c e d   by  t h i s   method  are  not   r e s t r i c t e d   to  t h e  

use  t h e r e o f   in  the  e t h y l e n e   p r o d u c t i o n .  

The  method  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   is   c h a r a c t e r -  

i z e d   by  p r o v i d i n g   an  i n n e r   tube   c o n s i s t i n g   of  a  m a t e r i a l   c a p a b l e  

of  w i t h s t a n d i n g   an  e x c e s s i v e   i n t e r i o r   medium  and  an  e x c e s s i v e  

i n t e r n a l   t e m p e r a t u r e   w i t h i n   the  i n n e r   t ube ;   p l a c i n g   a  r e i n f o r c e -  

ment  abou t   s a i d   i n n e r   tube  s a i d   r e i n f o r c e m e n t   b e i n g   p r o v i d e d   w i t h  

a  p l u r a l i t y   of  o p e n i n g s ,   h o l e s   or  p a s s a g e s   a r r a n g e d   b e t w e e n   t h e  

r e i n f o r c e m e n t   p a r t s   and  c o n s i s t i n g   of  a  m a t e r i a l   c a p a b l e   o f  

w i t h s t a n d i n g   e x c e s s i v e   c o m p r e s s i v e   and  t e n s i l e   f o r c e s   a c t i n g   on  

the  t ube ;   p l a c i n g   an  o u t e r  t u b e   abou t   s a i d   r e i n f o r c e m e n t ,   s a i d  

o u t e r   tube   c o n s i s t i n g   of  a  m a t e r i a l   c a p a b l e   of  w i t h s t a n d i n g   b o t h  

an  e x c e s s i v e   medium  and  an  e x c e s s i v e   t e m p e r a t u r e   t h a t   may  p r e v a i l  

at  the  o u t s i d e   of  the  o u t e r   t ube ;   e x e r t i n g   a  p r e s s u r e   of  such  a  

m a g n i t u d e   on  the  i n n e r   s u r f a c e   of  the  i n n e r   tube  and  on  the  o u t e r  

s u r f a c e   of  the  o u t e r   tube   in  a  p r e s s u r e   f u r n a c e   and  h e a t i n g   t h e s e  

t u b e s   to  such  a  h igh   t e m p e r a t u r e   t h a t   the  l i m i t   of  s t r e t c h i n g  

s t r a i n   of  the  tube   m a t e r i a l   i s   s u r p a s s e d   whereby   the  two  t u b e s   a r e  

bonded  t o g e t h e r  b y   p r e s s u r e   or  f u s i o n   w e l d i n g   the  o p e n i n g s   o r  

p a s s a g e s   be tween   the  r e i n f o r c e m e n t   p a r t s .  

I t   i s   p r e f e r r e d   to  c r e a t e   vacuum  c o n d i t i o n s   w i t h i n   the  g a p  
be tween   the  i n n e r   and  the  o u t e r   tube  upon  e x e r t i n g   s a id   p r e s s u r e .  
In  case  the  i n n e r   or  o u t e r   tube   c o n s i s t s   of  n i c k e l   or  a  n i c k e l  

a l l o y   and  the  r e i n f o r c e m e n t   c o n s i s t s   of  molybdenum  t h e r e   w i l l   b e  

e x e r t e d   a  p r e s s u r e   on  the  t u b e s   from  a b o u t  4 5 0 0  t o   abou t   5000  k P a  

wh i l e   h e a t i n g   the  t u b e s   to  about   13000C  f o r   a t t a i n i n g   f u s i o n   w e l d s  

or  p r e s s u r e   w e l d s .  

The  r e i n f o r c e m e n t   may  be  c o m p r i s e d   of  a  n e t t i n g   or  a  b r a i d i n g  

of  w i r e s ,   a  b r a i d e d   m a n t l e ,  t h o u g h   i t   may  a l s o   be  c o m p r i s e d   of  w i r e s  

wound  h e l i c a l l y   in  o p p o s i t e   d i r e c t i o n s   abou t   the  t u b e .   There   may 
a l so   be  wound  a  s i n g l e   w i n d i n g   on  a  p l u r a l i t y   of  p a r a l l e l  

l o n g i t u d i n a l   a x i a l l y   e x t e n d i n g   w i r e s   p l a c e d   on  the  i n n e r   t u b e .  

This   r e i n f o r c e m e n t   may  a l so   c o n s i s t   of  a  tube  of  s u i t a b l e   m a t e r i a l ,  

f o r   i n s t a n c e   s h e e t   m a t e r i a l   s l i d   i n t o   the  i n n e r   t ube ,   which  t u b e  

has  been  p r o v i d e d   wi th   a  l a r g e   number  of  o p e n i n g s   or  p a s s a g e s  
f o r   i n s t a n c e   by  p u n c h i n g   or  c u t t i n g .   A  r e q u i r e m e n t   i s   t h e r e b y  



t h a t   t h e r e   s h o u l d   be  a  s u f f i c i e n t   number  of  o p e n i n g s   e n a b l i n g   t h e  

f o r m a t i o n   of  a  f i rm  bond  be tween   the  i n n e r   and  the  o u t e r   t u b e  

upon  f u s i o n   w e l d i n g   u n d e r   p r e s s u r e   and  at  h igh   t e m p e r a t u r e .  

Close   to  the  end  f a c e s   the  r e i n f o r c e m e n t   may  be  o m i t t e d   o v e r  

a  s h o r t   d i s t a n c e   from  the  end  f ace   so  t h a t   at  t h i s   l o c a t i o n   w h e r e  

to  two  tubes   have  been  bonded  t o g e t h e r   an  end  face   s u r f a c e   i s  

o b t a i n e d   s o l e l y   c o n s i s t i n g   of  the  m a t e r i a l   of  the  two  c o a x i a l  

t u b e s .  

P r e f e r a b l y   the  m a t e r i a l   of  bo th   the  i n n e r   and  the  o u t e r   t u b e  

c o n s i s t s   of  n i c k e l   or  a  n i c k e l   a l l o y   such  as  I n c o n e l   601  w h i c h  

m a t e r i a l s   are   c a p a b l e   of  w i t h s t a n d i n g   the  d e s i r e d   h igh   c r a c k i n g  

t e m p e r a t u r e .   The  m a t e r i a l   is   however   not   r e s t r i c t e d   to  t h e s e  

p a r t i c u l a r   s u b s t a n c e s .   There   may  be  used  a l so   f o r   i n s t a n c e   c o b a l t  

a l l o y s ,   in  g e n e r a l   m a t e r i a l s   c a p a b l e   of  w i t h s t a n d i n g   the  s a i d  

h igh   t e m p e r a t u r e   and  the  p e r t a i n i n g   m e d i u m .  

In  view  of  the  s t r e n g t h   t h e r e o f   molybdenum  and  a l l o y s   t h e r e o f  

are   s u i t e d   in  p a r t i c u l a r   f o r   the  r e i n f o r c e m e n t .   Under  the  i n f l u e n c e  

of  oxygen  t h i s   m a t e r i a l   i f   u n p r o t e c t e d   would  be  s u b j e c t   t o  

i m m e d i a t e   o x i d a t i o n   at  the  s a i d   h igh   t e m p e r a t u r e .   This   r e i n f o r c e -  

ment  is  however   c o m p l e t e l y   embedded  by  the  s u r r o u n d i n g   t u b e s   o f  

n i c k e l   or  a l l o y s   t h e r e o f   and  c o n s e q u e n t l y   ve ry   e f f e c t i v e l y  

p r o t e c t e d   a g a i n s t   the  s u r r o u n d i n g   medium.  At  the  same  t ime  t h e  

r e i n f o r c e m e n t   i m p a r t s   the  n e c e s s a r y   f i r m n e s s   to  the  t u b e s   f o r  

w i t h s t a n d i n g   the  p r o c e s s   p r e s s u r e   as  wel l   as  a  s u f f i c i e n t   s t r e n g t h  

in  the  l o n g i t u d i n a l   d i r e c t i o n   of  the  t u b e .  

I n s t e a d   of  molybdenum  one  may  however   a l so   use  o t h e r   s u i t a b l e  

m a t e r i a l s   such  as  t u n g s t e n ,   t a n t a l u m   or  a l l o y s   t h e r e o f .  

The  f u s i o n   bond  be tween   the  two  c o a x i a l   t ubes   w i t h i n   t h e  

o p e n i n g s   be tween   the  r e i n f o r c e m e n t   p a r t s   of  c o u r s e   p r o v i d e s   f o r  

the  n e c e s s a r y   good  h e a t   t r a n s f e r   from  the  e x t e r i o r   of  the  t u b e s  

where  c o n t a c t i n g   the  c o m b u s t i o n   g a s e s ,   to  the  i n t e r i o r   t h e r e o f  

c o n t a i n i n g   the  s team  a n d / o r   the  c r a c k i n g   gas .   The  f u s i o n   b o n d  

a l so   p r o v i d e s   f o r   a  good  s e a l i n g   in  a x i a l   d i r e c t i o n   of  a  l e a k a g e  

would  occu r   in  one  of  the  tube  w a l l s .  

Upon  u s i n g   the  i n v e n t i v e   t u b e s  m a d e   of  n i c k e l   a l l o y s   a n d  

molybdenum  c r a c k i n g   gas  t e m p e r a t u r e s   may  be  r e a c h e d   upto  a b o u t  

1300°C  at  a  p r e s s u r e   of  300  kPa  (3  a t m o s p h e r e )   or  h i g h e r .   T h i s  

much  h i g h e r   t e m p e r a t u r e   than   the  one  m a x i m a l l y   f e a s i b l e   up  t i l l  



now,  i . e .   900°C,  c a u s e s   a  ve ry   h i g h   i n c r e a s e   of  the  e f f i c i e n c y ,  

t h a t   i s   to  say  a  much  h i g h e r   y i e l d   of  e t h y l e n e   at  the  same  a m o u n t  

of  n a t u r a l   gas  b u r n t .  

Upon  p r e s s u r i z i n g   the  c o m p o s i t e   tube   is   s i m u l t a n e o u s l y   h e a t e d  

to  a  t e m p e r a t u r e   of  abou t   1300°C.  Such  h e a t i n g   may  be  p e r f o r m e d  

a long   the  e n t i r e   l e n g t h   of  the  tube   but   a l s o   w i t h i n   a  s h o r t  

h e a t i n g   f u r n a c e   s u r r o u n d i n g   the  tube   ove r   p a r t   of  i t s   l e n g t h  

t h r o u g h   which  f u r n a c e   the  tube  is   p a s s e d   in  the  l o n g i t u d i n a l  

d i r e c t i o n   t h e r e o f   or  which  f u r n a c e   i s   p a s s e d   in  l o n g i t u d i n a l  

d i r e c t i o n   a l o n g   the  t u b e .  

When  the  tube   r e a c h e s   the  s a i d   h i g h   f u r n a c e   t e m p e r a t u r e   t h e  .  

l i m i t   of  s t r e t c h i n g   s t r a i n   of  t h e  t u b e   m a t e r i a l   i s   s u r p a s s e d   so  

t h a t   two  c o a x i a l   t u b e s   u n d e r   the  above  m e n t i o n e d   h i g h   p r e s s u r e  
and  the  d e s i r e d   vacuum  w i t h i n   the   gap  are  f o r c e d   t o w a r d s   e a c h  

o t h e r   in  such  a  d e g r e e   t h a t   the  m a t e r i a l   of  the  t u b e s   is   f o r c e d  

i n t o   the  o p e n i n g s   be tween   the  p a r t s   of  w i r e s   of  the  r e i n f o r c e m e n t  

and  i s   bonded  t o g e t h e r   at  t h e s e   l o c a t i o n s   by  p r e s s u r e   or  f u s i o n  

w e l d i n g .   The  p a r t s   or  w i r e s   of  the   r e i n f o r c e m e n t   are   e m b a d d e d  

c o m p l e t e l y   on  a l l   s i d e s   w i t h i n   the  m a t e r i a l   of  the  c o a x i a l   t u b e s  

so  t h a t  t h e   m a t e r i a l   of  the  r e i n f o r c e m e n t   i s   c o m p l e t e l y   p r o t e c t e d  

a g a i n s t   the  e x t e r i o r   and  the  i n t e r i o r   media   of  the  t u b e s   w h e r e a s  

the  w i r e s   may  n e i t h e r   be  s h i f t e d   or  moved  a n y m o r e .  
I t   goes  w i t h o u t   s a y i n g   t h a t   the  m a t e r i a l   of  the  r e i n f o r c e m e n t  

s h o u l d   be  of  such  a  n a t u r e   t h a t   the  r e i n f o r c e m e n t   m a i n t a i n s   i t s  

shape  at  the  h igh   t e m p e r a t u r e   of  the  l i m i t   of  s t r e t c h i n g   s t r a i n  

of  the  m a t e r i a l   of  the   t u b e s .  

The  i n v e n t i o n   w i l l   now  be  e l u c i d a t e d   in  d e t a i l   w i th   r e f e r e n c e  

to  the  d r a w i n g   r e p r e s e n t i n g   an  embodiment   of  a  tube   a c c o r d i n g   t o  

the  i n v e n t i o n .  

F i g .   1  r e p r e s e n t s   a  f i r s t   s t e p   in  the  f a b r i c a t i o n   s h o w i n g  

a  tube  a c c o r d i n g   to  the  i n v e n t i o n   p a r t i a l l y   in  c r o s s   s e c t i o n  

p r i o r   to  e x e r t i n g   p r e s s u r e   and  h e a t i n g   b e f o r e   the  i n n e r   and  t h e  

o u t e r   tube   have  been  bonded  t o g e t h e r ;  

F ig .   2  r e p r e s e n t s   a  tube  f a b r i c a t e d   by  the  method  of  t h e  

p r e s e n t   i n v e n t i o n   in  c r o s s   s e c t i o n   a f t e r   f u s i o n   w e l d i n g   of  t h e  

i n n e r   tube   to  the  o u t e r   tube  and  the  a p p l i c a t i o n   of  a  s e a l i n g   r i n g  

to  the  end  f ace   by  weld  c o a t i n g .   This  tube  has  been  r o t a t e d   o v e r  
900  a round   the  a x i s   w i th   r e s p e c t   to  the  tube   in  F ig .   1 .  



With  r e f e r e n c e   to  F ig .   1  t h e r e   has  been  shown  one  end  of  a  

tube  a c c o r d i n g   to  the  i n v e n t i o n   of  which  the  l e f t   hand  p a r t   i n  

the  f i g u r e   has  been  drawn  e n t i r e l y   in  c r o s s   s e c t i o n ,   t h a t   is   t o  

say  t h r o u g h   bo th   the  c o a x i a l   t u b e s .   The  m idd le   p a r t   shows  s o l e l y  

the  o u t e r   tube  in  c r o s s   s e c t i o n   whereas   the  r i g h t   hand  p a r t  

r e p r e s e n t s  t h e   o u t e r   tube   in  s i d e   e l e v a t i o n .  

In  the  r e p r e s e n t e d   i n s t a n c e   of  t h i s   example   the  i n n e r   tube   1 

p r e f e r a b l y   c o n s i s t i n g   of  n i c k e l   or  a  n i c k e l   a l l o y   has  been  p r o -  
v i d e d   wi th   a  r e i n f o r c e m e n t ,   c o m p r o s i n g   two  molybdenum  w i r e s   3  a n d  

4  f i r m l y   wound  h e l i c a l l y   and  c r o s s   wise  in  o p p o s i t e   d i r e c t i o n s .  

In  the  l e f t   hand  p a r t   of  f i g .   1  the  w i r e s   3  and  4  are  a l so   shown 

in  c r o s s   s e c t i o n ,   the  f u l l   drawn  l i n e s   r e s p r e s e n t i n g   the  c o u r s e s  

of  t h e s e   w i r e s   at  the  back  s ide   of  the  i n n e r   tube   1.  The  m i d d l e  

p a r t   shows  the  i n t e r i o r   of  the  i n n e r   tube  1  as  wel l   as  t h e  

molybdenum  w i r e s   3  and  4  wound  c r o s s   wise  abou t   t h i s   t u b e .  

The  o u t e r   tube   2,  p r e f e r a b l y   in  a  c l o s e   f i t t i n g   manner ,   i s  

s l i d   ove r   t h i s   wire   r e i n f o r c e m e n t   u n t i l   the  end  f a c e s   of  the  two 

t u b e s   have  r e a c h e d   the  c o p l a n a r   p o s i t i o n   in  the  l e f t   hand  p a r t  

of  the  d r a w i n g ,   and  in  the  not   shown  r i g h t   hand  p a r t   as  w e l l .   The  

tube  2  s h o u l d   be  s l i d   in  a  so  c l o s e l y   f i t t i n g   or  s l i d i n g l y   f i t t i n g  

manner   over   the  molybdenum  w i r e s   3  and  4  t h a t   t h e r e   w i l l   y e t  

r ema in   a  s u f f i c i e n t   number  of  a x i a l   p a s s a g e s   f o r   e n a b l i n g   t h e  

e v a c u a t i o n   of  the  e n t i r e   gap  5  a l o n g   the  e n t i r e   l e n g t h   of  t h e  

t u b e .  

The  thus   formed  c o m b i n a t i o n   of  t u b e s   1  and  2  and  w i r e s   3  a n d  

4  i s   then   i n t r o d u c e d   i n t o   a  gas  p r e s s u r e   c h a m b e r - f u r n a c e   c o m b i n a -  

t i o n   8'.  This   p r e s s u r e - f u r n a c e   c o m b i n a t i o n   8  may  i n c l u d e   a  

t h e r m a l l y   i n s u l a t e d   t i g h t   p r e s s u r e   wa l l   10  h a v i n g   a  h e a t   i n s u l a -  

t i o n   11  which  f u r n a c e   c o m b i n a t i o n   s u r r o u n d s   the  t u b e s   to  b e  

welded  e n t i r e l y   and  has  been  f i l l e d   p r e f e r a b l y   w i th   an  i n e r t   g a s .  

This   p r e s s u r e   f u r n a c e   c o m b i n a t i o n   8  is   d e p i c t e d   in  F ig .   1 

d i a g r a m m a t i c a l l y   o n l y .   The  f u r n a c e   is   h e a t e d   by  means  of  r a d i a t i o n  

e l e m e n t s   9.  The  r e q u i r e d   p r e s s u r e   is   a c h i e v e d   by  i n c r e a s i n g   t h e  

p r e s s u r e   of  the  i n e r t   f i l l i n g   g a s .  

The  e x t r e m i t i e s   of  the  t u b e s   1  and  2  g i v i n g   e x c e s s   to  t h e  

i n i t i a l   i n n e r   gap  5  may  be  s e a l e d   of f   p r o v i s i o n a l l y   fo r   i n s t a n c e  

by  w e l d i n g   or  by  means  of  r i n g s   6  in  which  t h e r e   have  b e e n  

p r o v i d e d  s u c t i o n   o p e n i n g s   fo r   t u b e s   7  fo r   e v a c u a t i n g   the  g a p .  



The  t u b e s   7  communica t e   w i th   the  s a i d   i n n e r   gap  5  and  l e a d   to  o n e  

or  more  not   shown  vacuum  pumps  which  have  been  a r r a n g e d   o u t s i d e  

the  p r e s s u r e   chamber   f u r n a c e   c o m b i n a t i o n   8 .  

The  o p e r a t i v e   f u r n a c e   p a r t   may  be  in  the  shape  of  a  r i n g   or  a  

s h o r t   t u b u l a r   s e c t i o n   p r o j e c t i n g   from  the  p r e s s u r e   wa l l   and  a l s o  

a r r a n g e d   c o a x i a l l y   abou t   the  t u b u l a r   c o m b i n a t i o n   l i k e   the  p r e s s u r e  

w a l l .  

The  t u b u l a r   c o m b i n a t i o n   may  then   be  moved  l e n g t h w i s e   t h r o u g h  

the  p r e s s u r e   f u r n a c e   10,  8  a l t h o u g h   the  t u b u l a r   c o m b i n a t i o n   may 
a l so   be  mounted   s t a t i o n a r y   wh i l e   the  p r e s s u r e   f u r n a c e   10,  8  i s  

moved  in  the  l o n g i t u d i n a l   d i r e c t i o n   a l o n g   the  t u b u l a r   c o m b i n a t i o n .  

A f t e r   i n t r o d u c i n g   the  t u b u l a r   c o m b i n a t i o n   i n t o   the  p r e s s u r e  
chamber   vacuum  c o n d i t i o n s   are  c r e a t e d   in  the  i n n e r   gap  5.  In  c a s e  

the  t u b e s   c o n s i s t   of  n i c k e l   or  a  n i c k e l   a l l o y   and  the  r e i n f o r c e -  

ment  c o n s i s t s   of  molybdenum  w i r e s   3  and  4  the  p r e s s u r e   in  t h e  

p r e s s u r e   chamber   i s   then   i n c r e a s e d   u n t i l   a  p r e s s u r e   of  from  4500  

to  5000  kPa  ( 4 5 - 5 0   a t m o s p h e r e s )   is   e x e r t e d   on  the  i n n e r   s u r f a c e  

of  the  i n n e r   tube  1  and  on  the  o u t e r   s u r f a c e   of  the  o u t e r   tube   2 .  

P r e f e r a b l y   the  vacuum  c o n d i t i o n s   in  the  i n n e r   gap  5  are   m a i n t a i n e d  

upon  e x e r t i n g   the  s a i d   p r e s s u r e .   In  the  f u r n a c e   8,  10  the  t u b u l a r  

c o m b i n a t i o n   is   h e a t e d   to  a  t e m p e r a t u r e   of  abou t   130000  a l so   when  

u s i n g   n i c k e l   or  a  n i c k e l   a l l o y   f o r   the  t u b e s .   At  the  l o c a t i o n  

where  t h i s   t e m p e r a t u r e   i s   r e a c h e d   the  p r e s s u r e   e x e r t e d   on  t h e  

t u b e s   1  and  2  and  the  vacuum  c o n d i t i o n s   be tween   the  t u b e s   1  a n d  

2  w i l l   then   f o r c e   the  t u b e s   t o w a r d s   each  o t h e r   upon  s u r p a s s i n g   t h e  

l i m i t   of  s t r e t c h i n g   s t r a i n   of  the  tube   m a t e r i a l   whereby   f i r s t   t h e  

e v a c u a t e d   a x i a l   gap  be tween   the  w i r e s   3  and  4  i s   f i l l e d .   The  

p r e s s u r e   and  the  t e m p e r a t u r e   s h o u l d   f i n a l l y   be  i n c r e a s e d   to  s u c h  

a  v a l u e   t h a t   the  m a t e r i a l   of  the  tube   1  and  of  the  tube   2  i s  

s u b j e c t   to  a  c o m p l e t e   f u s i o n   in  the  s a i d   gap  be tween   the  w i r e s ,  

t h a t   i s   to  say  t h a t   t h e r e   w i l l   be  g e n e r a t e d   a  f u s i o n   weld  o f  

e x c e l l e n t   q u a l i t y   be tween   the  t u b e s   1  and  2  w h i l e   c o m p l e t e l y  

embedding   the  w i r e s   3  and  4 .  

As  r e m a r k e d   a b o v e ,   the  t u b u l a r   c o m b i n a t i o n   may  be  moved  i n  

i t s   l o n g i t u d i n a l   d i r e c t i o n   t h r o u g h   the  p r e s s u r e   f u r n a c e   a l t h o u g h  

the  f u r n a c e   may  l i k e w i s e   be  moved  in  case   of  a  s t a t i o n a r y   t u b e .  

In  such  case  the  f u s i o n   w e l d i n g   may  be  p e r f o r m e d   s t e p w i s e ,   t h a t  

i s   to  say  each  t ime  p a r t s   of  the   tube   w i l l   be  welded  c o r r e s p o n d i n g  



to  the  l e n g t h   of  the  s h o r t e r   h e a t i n g   s e c t i o n   of  the  p r e s s u r e  

f u r n a c e .  

In  F ig .   1  t h e r e   has  been  r e p r e s e n t e d   an  embodiment   in  w h i c h ,  

as  s t a t e d   above ,   two  u n i n t e r r u p t e d   w i r e s   3 ,and   4  have  b e e n ' w o u n d  

c r o s s w i s e   on  and  a round   the  i n n e r   tube  1.  I t   w i l l   be  e v i d e n t  

however   t h a t   the  i n v e n t i o n   is   not   r e s t r i c t e d   to  t h i s   e m b o d i m e n t .  

I n s t e a d   of  two  w i r e s   one  may  use  more  w i r e s   which  may  f o r   i n s t a n c e  

be  wound  be tween   one  a n o t h e r .   The  w i n d i n g   p i t c h   does  not   have  t o  

be  c o n s t a n t   e v e r y w h e r e   and  may  f o r   i n s t a n c e   be  chosen   s m a l l e r   a t  

h i g h e r   t e m p e r a t u r e   l o c a t i o n s .  

L i k e w i s e  t h e r e   may  f i r s t   be  p l a c e d   s e v e r a l   p a r a l l e l   w i r e s   on  

the  i n n e r   tube   1  in  the  l o n g i t u d i n a l   a x i a l   tube  d i r e c t i o n   on  w h i c h  

one  or  more  w i r e s   are  then   wound  h e l i c a l l y .  

When  c h o o s i n g   the  wa l l   t h i c k n e s s   of  the  t u b e s   1  and  2  one  w i l l  

of  c o u r s e   have  to  t ake   in  a c c o u n t   t h a t   t h e r e   w i l l   r ema in   ye t   a  

s u f f i c i e n t   r e s t   wa l l   t h i c k n e s s   be tween   the  e x t e r i o r   tube  s u r f a c e  

and  the  w i r e s   a l so   at  the  l o c a t i o n s  w h e r e   two  w i r e s   3  and  4  

i n t e r s e c t   each  o t h e r   and  r e s t   upon  each  o t h e r   and  t h a t   t h e s e   w i r e s  

a l so   r ema in   c o m p l e t e l y   embedded  on  a l l   s i d e s .  

The  i n v e n t i o n   is   not   r e s t r i c t e d   e i t h e r   to  w i r e s   h a v i n g   a  r o u n d  

c r o s s   s e c t i o n .   I n s t e a d   of  w i r e s   one  may  use  bands  or  s t r i p e s   o r  

even  a  r e l a t i v e l y   wide  meshed  woven  t u b u l a r   n e t t i n g .   L i k e w i s e   u s e  

may  be  made  of  a  t u b u l a r   r e i n f o r c e m e n t   of  s h e e t   m a t e r i a l   h a v i n g   a  

l a r g e   number  of  o p e n i n g s   d i s t r i b u t e d   over   the  e n t i r e   r e i n f o r c e m e n t  

t h r o u g h   which  the  m a t e r i a l   of  the  t u b e s   1  and  2  may  fuse   t o g e t h e r .  

From  the  p a r t i a l   c r o s s   s e c t i o n   of  a  tube  a c c o r d i n g   to  t h e  

i n v e n t i o n   as  shown  in  F ig .   2  i t   is   a p p a r e n t   t h a t   the  c o m p l e t e d  

tube  p o s s e s s e s   a  c o r r u g a t e d   o u t e r   s u r f a c e   t h i s   b e i n g   the  r e s u l t  

of  the  movement  of  the  tube   m a t e r i a l   t owa rds   each  o t h e r   b e t w e e n  

the  w i r e s   3  a n d . 4 .   The  i n t e r r u p t e d   l i n e   drwan  at  the  l o c a t i o n   o f  

the  i m a g i n a r y   c y l i n d e r   p l a n e   of  the  w i r e s   3  i n d i c a t e   the  p o s i t i o n  

where  the  two  t ubes   1  and  2  have  been  bonded  t o g e t h e r .   This   l i n e  

however   is  only   an  i m a g i n a r y   l i n e   b e c a u s e   in  p r a c t i c e   the  f u s i o n  

is  so  comp le t e   t h a t   no  m a t e r i a l   t r a n s i t i o n   may  be  o b s e r v e d .  

The  end  f a c e s   of  the  p ipe   s e c t i o n s   bonded  t o g e t h e r   may  b e  

c o v e r e d   by  a  r i n g   12  which  is  p r e f e r a b l y   o b t a i n e d   by  b u i l d i n g   u p  

w e l d i n g .   This   r i n g   may  be  c o n s t i t u t e d   by  the  r i n g   6  r e p r e s e n t e d  

in  f i g .   1  and  w i l l   p r e f e r a b l y   be  composed  of  the  same  m a t e r i a l   a s  



the  m a t e r i a l   of  the  t u b e s   1  and  2 .  

As  a  c r a c k i n g   p l a n t   in  which  the  t u b e s   a c c o r d i n g   to  the  p r e s e n t  

i n v e n t i o n   are   used   t h e r e   may  be  c o n c e i v e d   an  a r r a n g e m e n t   i n c l u d i n g  

u n i n t e r r u p t e d   t u b e s   h a v i n g   a  l e n g t h   of  10-20  m  and  an  o u t e r  

d i a m e t e r   of  130  mm  in  which  the  l i k e w i s e   u n i n t e r r u p t e d   r e i n f o r c e -  

ment  has  been  p r o v i d e d   as  a  s i n g l e   f a b r i c a t i o n   s t e p .   I t   w i l l   b e  

e v i d e n t   however   t h a t   l i k e w i s e   t u b e s   of  d i f f e r e n t   s i z e s   may  b e  

p r o d u c e d   and  used   in  c r a c k i n g   p l a n t s .   S ince   t u b e s   h a v i n g   a  l a r g e  

d i a m e t e r   and  smal l   wa l l   t h i c k n e s s e s   may  be  p r o d u c e d   in  a c c o r d a n c e  

w i th   the  i n v e n t i o n   t h e r e   o r i g i n a t e s   the  b e n e f i t   of  a  s m a l l e r  

t e m p e r a t u r e   d i f f e r e n t i a l   over   the  wa l l   as  we l l   as  the  p o s s i b i l i t y  

to  a p p l y   h i g h e r   h e a t   c u r r e n t   d e n s i t i e s .   The  s l i g h t   t e m p e r a t u r e  

d i f f e r e n t i a l   a c r o s s   the  wal l   m o r e o v e r   l e a d s   to  an  i n c r e a s e   of  t h e  

m a x i m a l l y   f e a s i b l e   p r o c e s s   t e m p e r a t u r e   of  the  medium  w i t h i n   t h e  

t u b e .   The  p o s s i b i l i t y   of  u s i n g   t u b e s   of  a  s u f f i c i e n t   s t r e n g t h   a n d  

h a v i n g   a  l a r g e   d i a m e t e r   has  a  f a v o u r a b l e   e f f e c t   on  the  h e a t i n g  

s u r f a c e   e x t e n s i o n   to  be  i n s t a l l e d .  

I t   i s   s e l f   e v i d e n t   t h a t   the  i n v e n t i o n   i s   not   r e s t r i c t e d   to  t h e  

f a b r i c a t i o n   method  as  r e p r e s e n t e d   end  d i s c u s s e d   above  and  t h a t  

m o d i f i c a t i o n s   and  a m p l i f i c a t i o n s   may  be  made  w i t h o u t   l e a v i n g   t h e  

scope  of  the   i n v e n t i o n .  



1.  A  method  fo r   p r o d u c i n g   a  tube  f o r   a  c r a c k i n g   p l a n t   c  h  a  -  

r  a  c  t  e  r  i  z  e  d   by  p r o v i d i n g   an  i n n e r   tube  c o n s i s t i n g   of  a  

m a t e r i a l   c a p a b l e   of  w i t h s t a n d i n g   an  e x c e s s i v e   i n t e r i o r   medium  a n d  

an  e x c e s s i v e   i n t e r n a l   t e m p e r a t u r e   w i t h i n   the  i n n e r   tube ;   p l a c i n g  

a  r e i n f o r c e m e n t   about   s a i d   i n n e r   t ube ,   s a i d   r e i n f o r c e m e n t   b e i n g  

p r o v i d e d   wi th   a  p l u r a l i t y   of  o p e n i n g s  ,   h o l e s   or  p a s s a g e s   a r r a n g e d  

be tween   the  r e i n f o r c e m e n t   p a r t s   and  c o n s i s t i n g   of  a  m a t e r i a l  

c a p a b l e   of  w i t h s t a n d i n g   e x c e s s i v e   c o m p r e s s i v e   and  t e n s i l e   f o r c e s  

a c t i n g   on  the  tube ;   p l a c i n g   an  o u t e r   tube  abou t   s a i d   r e i n f o r c e -  

ment ,   s a id   o u t e r   tube  c o n s i s t i n g   of  a  m a t e r i a l   c a p a b l e   of  w i t h -  

s t a n d i n g   bo th   an  e x c e s s i v e   medium  and  an  e x c e s s i v e   t e m p e r a t u r e  

t h a t   may  p r e v a i l   o u t s i d e   the  o u t e r   t ube ;   e x e r t i n g   a  p r e s s u r e   o f  

such  a  m a g n i t u d e   on  the  i n n e r   s u r f a c e   of  the  i n n e r   and  on  t h e  

o u t e r   s u r f a c e   of  the  o u t e r   tube  in  a  p r e s s u r e   f u r n a c e   and  f u r t h e r -  

more  h e a t i n g   t h e s e   t u b e s   to  such  a  h igh   t e m p e r a t u r e   t h a t   the  l i m i t  

of  s t r e t c h i n g ' s t r a i n   of  the  tube   m a t e r i a l   is   s u r p a s s e d ,   w h e r e b y  

the  two  t u b e s   are   bonded  t o g e t h e r   by  p r e s s u r e   or  f u s i o n   w e l d i n g   i n  

the  o p e n i n g s   or  p a s s a g e s   be tween   the  r e i n f o r c e m e n t   p a r t s .  

2.  The  method  of  c l a im   1  c  h  a  r  a  c  t  e  r  i  z  e  d   by  c r e a t i n g  

vacuum  c o n d i t i o n s   w i t h i n   the  gap  be tween   the  i n n e r   and  the  o u t e r  

tube   upon  e x e r t i n g   s a i d   p r e s s u r e .  

3.  The  method  of  anyone  of  c l a i m s   1  and  2  c  h  a  r  a  c  t  e  r  -  

i  z  e  d   i n  t h a t   the  i n n e r   tube  and  the  o u t e r   tube  c o n s i s t s  

of  n i c k e l   or  a  n i c k e l   a l l o y ;   the  r e i n f o r c e m e n t   c o n s i s t s   o f  

molybdenum  wi re ;   and  t h a t   f o r   f u s i o n   w e l d i n g   the  two  t u b e s   a  

p r e s s u r e   of  from  abou t   4500  to  about   5000  kPa  is   e x e r t e d   on  t h e  

t u b e s   and  the  t u b e s   are  h e a t e d   to  a  t e m p e r a t u r e   of  abou t   1 3 0 0 ° C .  

4.  The  method  of  anyone  of  the  p r e c e d i n g   c l a i m s   c  h  a  r  a  c  -  

t  e  r  i  z  e  d   i n  t h a t   the  r e i n f o r c e m e n t   is   p laced  by   w i n d i n g  

s e v e r a l   w i r e s   c r o s s w i s e   a g a i n s t   each  o t h e r   about   the  i n n e r   t u b e .  

5.  The  method  of  anyone  of  c l a i m s   1-3  c  h  a  r  a  c  t  e  r  i  z  e  d  

i n  t h a t   the  r e i n f o r c e m e n t   is   p l a c e d   by  f i r s t   a r r a n g i n g   s e v e r a l  

w i r e s   p a r a l l e l   to  each  o t h e r   on  the  i n n e r   tube  in  the  l o n g i t u d i n a l  

a x i a l   tube  d i r e c t i o n   and  s u b s e q u e n t l y   w i n d i n g   one  or  more  w i r e s   i n  

a  h e l i c a l   manner   of  vice.  v e r s a .  

6.  The  method  of  anyone  of  the  p r e c e d i n g   c l a i m s   c  h  a  r  a  c  -  

t  e  r  i  z  e  d   by  c a p p i n g   the  end  f a c e s   of  the  i n n e r   and  o u t e r  



t ubes   by  means  of  a  r i n g   of  the  same  m a t e r i a l   as  t h a t   of  t h e  

t u b e s ,   a f t e r   b o n d i n g   t o g e t h e r   the  t u b e s   by  f u s i o n   w e l d i n g .  

7.  The  method  of  c l a im  6  c  h  a  r  a  c  t   e  r  i   z  e  d   b y  

a p p l y i n g   the  r i n g   by  b u i l d i n g   up  w e l d i n g .  
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